Using the STAR (Solenoidal Tracker At RHIC) detector 1-3 at the Relativistic Heavy Ion Collider (RHIC), we have measured the Λ hyperon binding energy B Λ for the hypertriton, which is the lightest hypernucleus yet discovered and consists of a proton, a neutron, and a Λ hyperon. The measured B Λ differs from the widely used value 4, 5 and from predictions in which the hypertriton is modeled as a Λ weakly bound to a deuterium nucleus 6-9 . Our results place stringent constraints on the hyperon-nucleon interaction 10, 11 , and provide critical inputs for studying neutron star interiors, where strange matter may be present 12 . The same data also permit more precise comparison between the masses of the hypertriton and the antihypertriton. Matter-antimatter symmetry 13 pertaining to the binding of strange and antistrange quarks (s ands) in a nucleus is thus tested quantitatively for the first time. No deviation from the expected exact symmetry is observed.
Comparisons of the measured dE/dx and β values for each track with their expected values under different mass hypotheses allow decay daughters to be identified. Panel a of Fig. 2 presents dE/dx versus rigidity (p/q, where p is the momentum and q is the electric charge in units of the elementary charge e), while panel b shows 1/β versus rigidity. It can be seen that the decay daughter species for 3 Λ H and 3 Λ H are cleanly identified over a wide rigidity range. The helical trajectories of the decay daughter particles can be followed back in time to each secondary decay vertex and used to reconstruct the decay topology of the parent (anti)hypernucleus. The effects of energy loss (ranging from about 0.2% for π ± to about 3% for 3 He) and TPC field distortion on the measured momenta of the decay daughters are corrected for by data-driven calibration using the world-average Λ mass compiled by the PDG 18 . Due to the high-precision tracking and particle identification capabilities of the STAR experiment, the invariant mass (
, where E i is the energy and ì p i the momentum of the ith decay daughter) of each parent is reconstructed with a low level of background as shown in panels c and d of Fig. 2 H. The signal-to-background ratio is close to a factor of 23 better than an earlier measurement from the same experiment using only the TPC 24 .
The (anti)hypernucleus invariant mass distributions reconstructed through 2-body and 3-body decay channels are each fitted with a Gaussian function plus a straight line, using the unbinned maximum likelihood method. The mass parameters are extracted from the peak positions of the invariant mass distributions. The final results are obtained as the average of the mass values from the 2-body and 3-body decay channels weighted by the reciprocal of the squared statistical uncertainties. The main systematic uncertainty arises from the imperfections in the energy loss and field distortion corrections applied to the tracking of the decay daughters, which is estimated to be 0.11 MeV/c 2 (37 ppm). Other sources of systematic uncertainties, including those from event selection, track quality cuts, decay topology cuts and fit procedure, are found to have a negligible impact on the final results. Accordingly, the measured masses are 
The relative mass difference between 3 Λ H and 3 Λ H is
which is displayed in Fig. 3 along with the relative mass-to-charge ratio differences between d andd and between 3 He and 3 He measured by the ALICE Collaboration 19 . The mass difference between 3 Λ H and 3 Λ H observed in the present data is consistent with zero. The current measurement extends the validation of CPT invariance with high precision to a nucleus containing a strange quark. . Even after recalibration, the central value of the current STAR measurement is larger than the measurement from 1973 4 which is widely used. It has been pointed out in Ref. 23 that for measurements of B Λ for p-shell hypernuclei, there exists a discrepancy in the range of 0.4 to 0.8 MeV between emulsion data and other modern measurements. Whether the effect would be similar in s-shell hypernuclei such as the hypertriton is unclear, but such a discrepancy is much larger than the systematic uncertainty assigned to emulsion measurements 34 . Until this discrepancy is well understood, an average of the current measurement with early results can not be reliably carried out. 37 , and B Λ was found to be 0.23 MeV using auxiliary field diffusion Monte Carlo (AFDMC) in 2018 38 . The dispersion of the results from the different calculations emphasizes the need for a precise determination of B Λ from experiments. In a related matter, the latest compilation of measurements yields a 3 Λ H lifetime (30 ± 8)% shorter than the free Λ lifetime 39 . A calculation in which the closure approximation was introduced to evaluate the wavefunctions by solving the three-body Faddeev equations, also indicates that the 3 Λ H lifetime is (19 ± 2)% smaller than that of Λ 39 . The larger B Λ value and shorter lifetime suggest a stronger Y N interaction between the Λ and the nuclear core in 3 Λ H, which may require a re-evaluation of the inference that the 3 Λ H can be regarded as a simple weakly-bound Λ-deuteron system. In summary, we report the first test of CPT invariance in the sector of hypernuclear matter where (anti)strange quarks play a role in (anti)nuclear binding. The relative mass difference between the hypertriton and antihypertriton is [ 1.1 ± 1.0(stat.) ± 0.5(syst.)] × 10 −4 , consistent with no violation of CPT symmetry. Prior comparisons of nuclear binding for nuclei and antinuclei involved only up and down quarks, and this measurement both includes a strange quark and improves the uncertainty for mass number A = 3 by roughly an order of magnitude. We also report a new measurement of the Λ hyperon binding energy in the hypertriton: B Λ = 0.41 ± 0.12(stat.) ± 0.11(syst.) MeV. The value differs from zero with a significance of 2.6σ, and is larger than the prior measurement from 1973 4 which is widely used. Models in which the hypertriton is treated as a weakly-bound Λ-deuteron system predict smaller B Λ values. These results constrain the hyperon-nucleon interaction, providing improved data to understand the role of hyperons in neutron stars, and thus have wide-ranging implications spanning nuclear physics, particle physics, and astrophysics.
Methods
This methods section describes the details of recalibration for the previous B Λ measurements. The Λ binding energy for the 2-body and 3-body decays of the hypertriton are defined as 40
where Q and Q are the total kinetic energies released in these hypertriton decays, and Q 0 and Q 0 are the constants defined by the equations above. In the studies being updated here, Q (Q ) was determined from the length of decay daughter tracks, based on the range versus energy relationship for that charged particle species in nuclear emulsion or in a He bubble chamber. The published B Λ values were calculated using the contemporaneous mass values for Λ, π − , p, d, 3 He, as reproduced in Table 1 , which can be seen to differ from the best current numbers. Q 0 (Q 0 ) has been recalculated using current numbers and the B Λ values for past emulsion and bubble chamber studies are thus recalibrated in this letter. (3-body) 0.34 ± 0.11 (3-body) 
